. In this work, we present the development of the fi rst microsatellite or simple sequence repeat (SSR) markers known for this species, obtained through massive sequencing of genomic DNA and enriched libraries. SSRs are powerful tools to evaluate the genetic diversity and genetic structure of populations, to identify specifi c genotypes (varieties), and for paternity tests. This is because they are widely dispersed in the genome, highly polymorphic, codominant, and reproducible ( Kalia et al., 2011 ) . In this context, the main interest for developing these markers is to study the genetic diversity of this and related species, to explore their reproductive and propagative form, and eventually to identify single specimens in the framework of domestication programs.
METHODS AND RESULTS
To isolate microsatellites, genomic DNA was pooled from three samples of B. microphylla (accession no. 59, 64, and 66; see Appendix 1), from Magallanes, Chile. These plants were collected from the same locations as described previously ( Dominguez and Aravena, 2012 ) and deposited at the Herbarium of Universidad de Concepción, Concepción, Chile (CONC 948). Samples belonging to the other Berberis species were identifi ed by comparison to specimens deposited in the same herbarium (CONC). Total DNA was extracted from young stems, green fruits, and seeds following the protocol described by Lodhi et al. (1994) , scaled down to a microtube. In brief, 0.1 g of tissue was milled in an automatic grinder with steel balls plus 700 μ L of extraction buffer (20 mM EDTA, 100 mM Tris-HCl, 1.4 M NaCl, 2% [w/v] cetyltrimethylammonium bromide [CTAB], 10 mg PVP 40,000, 0.2% [v/v] 2-mercaptoethanol; pH 8.0) and incubated at 60 ° C for 30 min, followed by extraction with chloroform : isoamyl alcohol (24 : 1). Total DNA was precipitated using absolute ethanol precooled at −20 ° C. The precipitate was washed twice with 70% ethanol, and the pellet was dissolved in 50 μ L of nuclease-free water containing RNase A at 0.1 μ g/mL. A fi nal incubation at 37 ° C for 15 min was done before storing the DNA solution at −20 ° C. The purifi ed total DNA was quantifi ed by spectrophotometric For the isolation of microsatellite-containing DNA sequences, the pooled DNA sample from Patagonian accessions of B. microphylla (40 μ L, 250 ng/ μ L) was sent to Ecogenics GmbH (Zürich-Schlieren, Switzerland). Size-selected fragments from genomic DNA were directly analyzed on a Roche 454 platform using the GS FLX Titanium reagents (454 Life Sciences, a Roche Company, Branford, Connecticut, USA). Forty-six out of 13,230 reads (average length of 323 bp) harbored a microsatellite insert with a tetra-or a trinucleotide of at least six repeat units or a dinucleotide of at least 10 repeat units. Suitable primer design was possible in 33 reads. In a second approach, also done at Ecogenics GmbH, size-selected fragments from mechanically sheared genomic DNA were enriched for SSR content by using magnetic streptavidin beads and biotinlabeled CT and GT repeat oligonucleotides. The SSR-enriched library was analyzed on a Roche 454 platform using the GS FLX Titanium reagents (454 Life Sciences, a Roche Company). The total of 11,238 reads had an average length of 324 bp. Of these, 413 contained a microsatellite insert with a tetra-or a trinucleotide of at least six repeat units or a dinucleotide of at least 10 repeat units. Suitable primer design was possible in 128 reads ( Rozen and Skaletsky, 2000 ) . Primers were synthesized at Integrated DNA Technologies (Coralville, Iowa, USA). Their ability to amplify and produce variably sized fragments was evaluated on three DNA samples of B. microphylla (accession no. 108, 111, and 116; Appendix 1) representative of the geographical distribution of the species. PCR contained 30 ng of DNA, 1 × Colorless GoTaq Flexi Buffer (Promega Corporation, Madison, Wisconsin, USA), 2 mM MgCl 2 , 250 μ M dNTPs, primers (5 μ M each), and 0.5 U of Taq polymerase (GoTaq Flexi DNA, Promega Corporation). PCR cycling, after an initial denaturation of 3 min at 94 ° C, was as follows: 35 cycles of 30 s at 94 ° C, 30 s at 56 ° C, and 60 s at 72 ° C. Reactions were completed by incubating at 72 ° C for 4 min. PCR product separation and silver-staining was done as described by Narváez et al. (2001) . The PCR protocol was the same for every sample considered in this study.
Of the 161 SSR-containing fragments identifi ed, 88 were repeated twice or more. Of the remaining 73 unique sequences, 18 primer pairs generated easily scorable allelic patterns and were evaluated on 66 B. microphylla accessions collected from Chilean Patagonia (Appendix 1). Allele numbers ranged from two to 19, with an average of 7.6 alleles per marker. Table 1 summarizes the statistics for these markers, including heterozygosity (observed heterozygosity ranging from 0.164 to 1.0, with an average of 0.701; expected heterozygosity from 0.448 to 0.854, average of 0.668), repeat motifs, allele sizes, probability of confusion (i.e., the probability that two randomly chosen individuals have the same allelic pattern [ Tessier et al., 1999 ] ), and GenBank accession numbers. Finally, the markers developed in this work exhibited a very high level of interspecifi c transferability, evaluated with 15 other Berberis species, the majority of them from Chile ( Table 2 , Appendix 1). Another set of SSR markers developed in the related species Mahonia aquifolium (Pursh) Nutt. ( Ross and Durka, 2006 ) was less informative when evaluated in B. microphylla from Chilean Patagonia (results not shown).
CONCLUSIONS
We have identifi ed and characterized 18 new SSR markers from B. microphylla , all of them highly polymorphic and informative in every Berberis species tested, including most of the endemic and native Chilean species and two Old World Note : A = number of alleles; C j = probability of confusion ( Tessier et al., 1999 ) ; H e = expected heterozygosity; H o = observed heterozygosity. a Annealing temperature was the same for all markers (56 ° C). 
